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    Abstract
Background: Most of the daily living activities (ADL) require dual-task (DT) performance so as to efficiently accomplish different tasks in everyday life like shifting objects from one place to other, monitoring the environment, and judging the threats and balancing efficiently to transfer self, etc. Due to disruption of the motor function of basal ganglia, patients with Parkinson's disease (PD) demonstrate noticeable problems while performing DT with a significant amount of gait and balance impairments which are also known as fall risk factors. Objectives: In this study, we evaluated the long-term effect of a DT training program applied with basic principles of motor learning on falling and ADL in patients with PD. Study Design: Pre-test and post-test experimental study design. Methods: Fifty-four patients with PD were allocated into two groups by simple randomization. Outcomes were recorded for fear of fall (FOF) by Tinetti Fall Efficacy Scale, ADL by functional independence measure and a number of falls within the last 6 months. Both the groups received occupational therapy services, whereas the patients of the experimental group received a 4 weeks program of one-on-one training program including walking while performing several motor and cognitive tasks. Data for all outcomes were measured before training and posttraining. Follow-up scores were recorded till 2 years after completion of the training program. Results: Both the groups showed significant improvements in FOF and ADL scores. Between the group, analyses showed experimental group had a significant difference in the improvements than the control group. There was a significant difference noted between posttraining and follow-up scores for both the groups. The number of falls in both groups reduced significantly. The experimental group showed a significant reduction in some falls as compared to the control group. Conclusion: The result of this study showed feasibility as well as the efficacy of DT training program to minimize falls and FOF thus resulting in improvement of functional independence with its strong retention effect till 2 years after posttraining.
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    Introduction


    Parkinson's disease (PD) results in progressive disability despite the availability of many medical and surgical treatments. Patients with PD initially reported of difficulty in walking followed by problems with some gait dependent activities including house works, dressing, transferring in and out of bed and mobility inside the home and community.[bookmark: ft1][1]


    Although underlying pathophysiology of postural instability remain elusive, it is one of the most debilitating motor symptoms of PD, as it is associated with an increased risk of falls and subsequent medical complications (e.g., fractures), fear of falling (FOF), decreased mobility, self-restricted physical activity, increased dependency, social isolation, and decreased quality of life (QOL).[bookmark: ft2][2]


    Dual-task (DT) performance involves the execution of two tasks (primary and secondary) at the same time. Most of the daily living activities (ADL) requires DT performance to efficiently accomplish different tasks in everyday life like shifting objects from one place to other, monitoring the environment and judging the threats and balancing effect to transfer self, etc.[bookmark: ft3][3] Due to disruption of the motor function of basal ganglia, patients with PD, demonstrate noticeable problems while performing DT with a significant amount of gait and balance impairments which are also known as fall risk factors.[bookmark: ft3][3],[bookmark: ft4][4] People with PD compensate for some of their locomotor disturbances due to nonspecific interference with attentional mechanism while performing either motor or cognitive secondary task.[bookmark: ft3][3]


    Almost two-third of patients with PD fall each year, with most falls reported to occur while walking.[bookmark: ft4][4] Falls and FOF share common predictors and individuals who develop one of these are at risk for developing the other, with a resulting spiraling risk of falls, FOF, and functional decline.[bookmark: ft5][5]


    A short-term study done on DT training was found to be effective in balance and ADL improvement in patients with Parkinsonism.[bookmark: ft6][6]


    A 4 weeks DT training program resulted in functional walking capacity in idiopathic PD.[bookmark: ft7][7]


    There is a growing body of literature in support of feasibility and clinical implementation of DT training to address different gait disturbances in people with PD. With progressive symptoms, it is yet to clear that whether these kind of training programs has long-term benefits in people with PD.


    In the present study, we aimed to examine the long-term effect of a DT training program applied with basic principles of motor learning on falling and ADL in patients with PD.


    Methods


    Study Design and Participants


    Fifty-four patients diagnosed with idiopathic PD were enrolled in the study from the Department of Occupational Therapy of a tertiary rehabilitation care unit. After obtainment of written informed consent, patients were divided into two groups (27 each), i.e., Group A (Experimental) and Group B (Control) by simple randomization into this single-blinded study. Demographic characteristics of the samples are presented in [Table - 1] in illustration. Patients allocated to the Experimental Group received 12 supervised training sessions (three times a week for 4 weeks). The training targeted performing DT, i.e., walking with some secondary tasks and aimed to be intensive and progressive. All the patients in both groups received conventional occupational therapy and patients in the control group received conventional occupational therapy matched for time, sessions, and weeks with the experimental group. The conventional occupational therapy included working on activities of daily living skills, hand functions, rhythmic stabilization, bilateral activities, balance and coordination training activities, etc. The study was conducted in adherence to the principles of the declaration of Helsinki.
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        	Table 1: Demographic Characteristics of Patients
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    Inclusion criteria comprised diagnosis of idiopathic PD, Hoehn, and Yahr[bookmark: ft8][8] stages II to III and with stable antiparkinsonian medication, able to walk unassisted at least for 5 min and have a history of fall in last 6 months before inclusion. Exclusion criteria encompassed dementia or any other cognitive impairment (Mini-Mental Status Examination <25),[bookmark: ft9][9] coexisting serious chronic medical illnesses (e.g., orthopedic, psychiatric, or neurological) or severe visual deficits preventing participation.


    Assessment


    Outcome variables included the Tinetti Fall Efficacy Scale for FOF and functional independence measure (FIM) for functional performance.[bookmark: ft10][10],[bookmark: ft11][11] All the assessments were done while patients were in the medication-on-state at baseline (pretest) and immediately after the termination of the training program (posttest) (week 4). Follow-up scores were recorded for both outcomes in every 6 months interval following posttraining program for 2 years. A number of falls within 6 months period were recorded by taking the history of fall from caregivers/patients at baseline (BF) and every 6 months interval after completion of training program for 2 years.


    Intervention


    The training targeted both walking and secondary tasks and aimed to be intensive and progressive. In each training session, patients completed five blocks of 5 min of walking (i.e., a total of 25 min of walking in each training session) and 1 min of rest break in between blocks of 5 min walking. In each 5-minute block, patients performed different kinds of secondary tasks: Serial subtractions, and coin transfer. The therapist had to safeguard the patient and provides appropriate feedback (knowledge of result and knowledge of performance) during the DT training. No explicit instruction for prioritization of either task was given and was completely determined by therapist. The order of the DT conditions was randomly assigned. Progression during the training was done by (a) Shortening of break times from 4 min (1 min each between blocks) (1st week) to 2 min (2nd week), to 1 min (3rd week), to no breaks (4th week), and (b) Adding obstacles from 2nd week: 3 boxes were placed with equal separation on the walkway and gradually the numbers of obstacles were increased to 4 and finally 5 in the 3rd and 4th week of training. Patients were asked to walk over the obstacles without touching them.


    During training, in first walking condition, patients were instructed to walk at their preferred pace on level ground in a well-lit, obstacle-free, 30-m long corridors for 5 min and were allowed to become familiar with the walkway.


    Serial subtractions walking condition included patients walking while performing serial 3 subtractions out loud, starting from a three-digit number (e.g., 497). In coin transfer, a commercially available waist bag was tied at the waist with midpoints of the pocket aligning over the anterolateral aspect of the hip joint of the nondominant side. A total of 25 Indian 1-rupee coins was placed in the pocket of the trouser/kurti on the side of their dominant hand. Patients were then instructed to use their dominant hand to transfer as many coins as they could, one at a time, from the starting pocket to the pocket of the waist bag present over the opposite side hip joint [Figure - 1]. Patients reported their dominant hand by indicating which hand they would use to catch a small ball.[bookmark: ft12][12]
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        	Figure 1: Participant Performing Coin Transfer Task during Training
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    Results


    The α level was set at 0.05, and outcome analyses were conducted using SPSS software version 23.0 Developer: IBM Corp. India License: Trialware or SaaS). A total of 89% of patients (Group A 23 and Group B 25) attended at least 2 of the follow-up assessments out of 4 and 81% of patients reported for the final follow-up assessment 2 years posttraining program. As the number of patients reported in each follow-up assessment varied [Figure - 2], pre- and post-training program and final follow-up scores were analyzed for convenience and to maintain the integrity. For FIM and Tinetti fall efficacy scale, the Friedman test was used to know the difference within the group. If the comparison revealed significant difference Wilcoxon signed-rank test was carried out. Moreover to know the difference between the groups Kruskal–Wallis test was carried out followed by Mann–Whitney U test. For analysis of some falls, scores recorded at baseline (BF) and after 2 years posttraining program (FF) was considered. Within the group analysis was performed by Paired t-test and for between the group analysis, independent t-test was carried out. Descriptive characteristics of all outcomes for both the groups is shown in [Figure - 3] in illustration.


    
      
        	[image: ]

        	Figure 2: Disposition of Patients
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        	Figure 3: Descriptive Characteristics of Both Groups
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    Friedman test was carried out for within the group analysis. It showed a significant difference (P = 0.000) for both the groups and both outcome measures. Wilcoxon signed rank test was carried out for both the groups and for both the outcome measures and the result is shown in [Table - 2] in illustration.
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        	Table 2: Post hoc Wilcoxon Signed Rank Test for Both Outcome Measures
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    Kruskal–Wallis test was carried out for between the group's comparison for both the outcome measures and it showed a statistically significant difference (P = 0.000). Mann–Whitney U-test was carried out for both outcome measures post-Kruskal–Wallis test and result is shown in [Table - 3] in illustration.
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        	Table 3: Post hoc Mann-Whitney U-test for Outcome Measures
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    Within the group analysis by paired “t”-test showed the number of falls reduced significantly (P= 0.000; confidence interval [CI] for Group A: 2.256–3.173 and Group B: 1.043–2.657) for both the groups. The experimental group showed a significant reduction in a number of falls (P = 0.031, CI: − 1.802–0.012) as compared to the control group as measured by independent t-test. Seven patients from the experimental group reported “no” falls in the last 6 months during final follow-up, whereas only 1 patient reported to have no fall from the control group during the same assessment.


    Discussion


    The present study assessed the outcomes of a DT intervention on falls and ADLs over a period for 2 years in patients with PD. Although being a progressive disease patient with PD in both groups managed to overcome the FOF, thus resulting in significant decrease in a number of falls and increased independency in performing functional tasks over a period of 2 years. However, patients with PD undertaken DT training program showed a statistically significant difference in the improvement in the above outcomes and the effects were maintained as long as for 2 years. This study moved beyond the previous works by implementing both cognitive and motor DT training and demonstrating its positive effect on falls and functional performance with its retention effect for 2 years.


    As the basal ganglia play a major role in the control of learned, repetitive movement sequences through their outputs to the supplementary motor area and brain-stem locomotor regions, DT interference is a particularly noticeable problem because of the disruption of the motor functions of the basal ganglia in people with PD. In the early stages of motor skill acquisition, the cortical regions of the brain are believed to play a major role in movement regulation. As movements become learned and automatic, they are thought to be controlled by the basal ganglia. When a movement is controlled by the basal ganglia, a person, in theory, can direct attention to control more novel or attention-demanding tasks through the use of the frontal cortical regions. In people with PD, normal movement patterns can be generated when attention is focused on performance; attention is thought to lead to a bypassing of the basal ganglia and the use of cortical regions to drive outputs. In DT situations, cortical resources may be engaged in maintaining the performance of the secondary task, leaving responsibility for regulating the performance of the more automatic task to the defective basal ganglia circuitry.[bookmark: ft3][3]


    Findings of our study are consistent with previous studies of rehabilitation. The possibility of DT training (where both tasks are not walking) has been examined in several other studies where DT training is found to have positive effects on balance confidence, gait parameters, ADLs leading to increased QOL.[bookmark: ft4][4],[bookmark: ft6][6],[bookmark: ft7][7],[bookmark: ft12][12] This would have resulted in a significant reduction in a number of fall and FOF.


    DT training when applied as “whole task” with principles of motor learning, improvement in DT performance was observed, and even the transfer of learning was reflected in nontrained DT performance.[bookmark: ft12][12],[bookmark: ft13][13] This would have been one of the possible causes of improvements in ADL performance in patients with PD in this study.


    DT training as a whole task was apparently critical for acquiring attentional control and task coordination strategies. Thus, practicing DT should be done as a “whole task” than part-task strategy which involves training each task separately.[bookmark: ft14][14] Supporting this, a functional magnetic resonance imaging study reported reduced activation in brain areas that were initially involved with DT processing after whole-task training, interpreted as an “increase in neural efficiency.”[bookmark: ft15][15]


    In addition, the training program implemented here was based on principles of motor learning. The tasks designed with the specific aim of improving DT function. Since practicing DT involves implicit processes, feedback of knowledge of results was provided for both tasks (primary and secondary) practiced. Variability in practice was maintained by using different cognitive and motor tasks in the training program with no specific order and to promote progression and enhance motivation, level of difficulty was maintained by adding obstacles into the walking path and decreasing the duration of rest breaks.[bookmark: ft13][13]


    The result of the study showed statistically significant improvements in falling and ADL performance, and the improvements were carried out till 2 years posttraining program suggests the feasibility and efficacy level of clinically implemented DT training program in patients with PD. As it was a single-blinded study design, rater bias might have had some impact on the result of the study. From the perspective of a patient targeted program, it might be helpful to create a “pool” of secondary tasks (motor and cognitive), ordered in increasing level of difficulty, that could be adjusted to each patient's abilities and could enable progression during the training program.


    Conclusion


    Patients with PD have difficulty performing several tasks due to an increased risk of fall, subsequently leading to decreased mobility, increased dependency and decreased QOL. The result of the study showed the feasibility of a clinically implemented DT training program to reduce falling and FOF thus resulting in improvement of functional independence with its strong retention effect.


    Future Recommendations


    
      	Future study can be done to find out the co-relation between fall risks and ADL performance


      	Effect on PD symptoms can be checked


      	Effect on gait parameters can be evaluated


      	Comparison of motor DT and cognitive DT with their retention effect can be carried out.
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  Figure 3: Descriptive Characteristics of Both Groups
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  Table 2: Post hoc
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